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I.  INTRODUCTION 

A.  NEED  FOR  THE  STUDY 

Shipboard  HF  and  VHF  antennas  tend  to  protrude  from  the  ship's  silhouette  and 
are  quite  fragile.  This  implementation  increases  the  ship's  profile  and  causes  the 
antennas  to  be  vulnerable  to  gun  fire  and  bomb  blast.  Should  a  HF/VHF  antenna  be 
destroyed  or  damaged  by  gun  fire  or  bomb  blast  the  ship  would  suffer  a  loss  in  its 
HF/VHF  communication  capability.  A  loss  of  HF/VHF  communications  would 
degrade  its  fighting  ability.  Therefore,  a  study  of  methods  to  make  HF/VHF  antennas 
more  survivable  is  needed.  The  elimination  of  tall  and  large  structures  will  make  the 
antennas  more  survivable  during  combat. 

There  are  many  survivable  antenna  designs  which  may  be  investigated.  One 
option  might  be  to  use  a  transmission  line  antenna  on  the  bow  and/or  the  stern  of  a 
ship.  Another  possible  design  might  take  the  form  of  a  telescoping  antenna.  These 
survivable  antenna  designs  should  be  investigated. 

B.  TRANSMISSION  LINE  ANTENNA  BACKGROUND 

An  early  concept  of  a  transmission  line  antenna  was  the  Beverage  antenna.  This 
antenna  utilized  a  terminating  resistor  as  a  load  at  the  far  end  of  a  long  wire  to  avoid 
both  detuning  and  the  high  voltages  which  could  result  from  resonances.  If  the  line 
insulators  can  tolerate  the  high  voltages,  more  current  can  be  obtained  by  operating 
the  line  in  a  resonant  mode  and  the  terminating  resistor  can  be  eliminated  as  a  source 
of  power  loss.  The  Beverage  antenna,  or  wave  antenna  [Ref.  1],  is  a  traveling-wave 
long  wire  operated  in  the  presence  of  a  lossy  ground  plane.  A  wave  traveling  outward 
from  the  feed  point  end  toward  the  far  end  of  the  wire  is  reflected,  setting  up  a 
standing-wave  type  current  distribution.  If  the  reflected  wave  is  not  present  on  the 
antenna  it  is  referred  to  as  a  Traveling-wave  antenna.  A  Traveling-wave  antenna  acts 
as  a  guiding  structure  for  traveling  waves,  whereas  a  resonant  antenna  supports 
standing  waves.  Traveling  waves  can  be  created  by  using  matched  loads  at  the  ends  to 
prevent  reflections.  Also,  very  long  antennas  will  radiate  most  of  the  power,  leading  to 
small  reflected  waves  by  virtue  of  the  fact  that  very  little  power  is  incident  on  the  ends. 

In  Figure  1.1,  an  example  of  the  implementation  of  a  transmission  line  antenna  is 
shown  being  fed  from  a  coaxial  transmission  line.   A  transmission  line  antenna  can  be 
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Figure  1.1     Transmission  Line  Antenna. 

considered  a  rectangular  loop  antenna  with  current  going  out  on  the  transmission  line 
wires  and  returning  to  the  ground  at  the  far  end. 

C.       SCOPE  AND  LIMITATION 

This  study  is  an  investigation  of  the  performance  of  a  transmission  line  deployed 
over  perfect  ground,  on  the  bow  and  the  stem  of  an  FFG-45  frigate,  created  by  a  wire 
grid  model  and  using  a  special  computer  program  called  NEC  -  Numerical 
Electromagnetic  Code  [Ref.  2].  Understanding  of  linear  antennas  has  been  advanced 
since  the  late  I960's  by  the  introduction  of  the  METHOD  OF  MOMENTS  into 
electromagnetic  system  analysis.  Versatile  computer  codes  based  on  this  method,  like 
NEC,  allow  very  complex  antenna  systems  to  be  analyzed,  a  task  which  is  impossible 
via  analytical  methods. 

The  transmission  line  antenna  is  derived  from  its  functional  relationship  to  that 
of  a  shorted  transmission  line.  This  antenna  is  a  transmission  line  with  a  ground  at  one 
end  and  a  feed  from  the  other  end.  The  basic  concept  of  this  approach  is  that  the 
transmission  line  is  attached  on  the  bow  and  the  stem  of  a  ship.  The  frequency  range 
of  the  investigation  is  limited  to  2-10  MHz.  As  frequency  increases,  the  wavelength 
decreases,  and  the  object  size  in  wavelengths  increases.  This  limitation  is  imposed  by 
computer  storage  and  time  restraints. 

This  thesis  begins  with  a  discussion  of  a  transmission  line  antenna  numerical 
model  and  presents  the  computed  results.  Next,  a  description  of  the  FFG-45  frigate 
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computer  model  used  for  this  study  is  presented  with  results.  This  will  form  the  basis 
for  the  conclusions  and  recommendations.  Finally  the  appendices  include  the 
simulation  data  such  as  geometry  cards  for  each  model,  average  power  gain,  input 
impedance,  and  radiation  patterns. 
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II.  TRANSMISSION  LINE  ANTENNA  COMPUTER  MODEL  AND 

RESULTS 


This  chapter  presents  the  transmission  line  antenna  computer  models  used  in  this 
thesis.  The  models  are  transmission  lines  with  dimensions  13.5  x  0.6  meters  and  were 
run  over  a  perfect  ground. 

A.       TRANSMISSION  LINE  ANTENNA  COMPUTER  MODEL 

In  the  simplest  configuration,  a  transmission  line  antenna  (hereafter  referred  to  as 
"TLA")  can  be  considered  a  rectangular  loop  antenna  with  current  running  on  the 
transmission  line  wire  and  returning  to  the  ground  at  the  far  end.  A  13.5  x  0.6  meter 
transmission  line  above  a  perfect  ground,  Figure  2.1,  was  modeled  as  a  0.05  meter 
radius  wire  over  the  frequency  range  2-10  MHz. 


13.5  M 


H 


t 

0.6  M 

* 

RADIUS  =  0.05M 

^§^§ 

^§^§^$^^ 

§^§S 

^^ 

Figure  2.1     Transmission  Line  Antenna  Dimensions. 

The  important  design  considerations  required  to  develop  this  computer  model  were  the 
segmentation  size,  the  radii  of  the  segments,  and  the  proper  geometrical  model.  Wire 
segments  were  modeled  in  NEC  such  that  both  geometric  and  electrical  factors  were 
involved.  Segments,  which  were  defined  by  coordinates  of  their  end  points,  should 
follow  the  paths  of  conductors  as  closely  as  possible.  Only  axial  currents  were 
considered  and  there  was  no  allowance  for  circumferential  variation  of  the  current. 
The  accuracy  of  the  mathematical  solution  depended  on  many  constraints  which 
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formed  the  following  electrical  considerations  for  single  wire  segments  or  wire-grid 
models  of  conducting  surfaces:   [Ref.  3:  pp.  3-6] 

(a)  The  segment  length  A  relative  to  a  wavelength  X  is  a  key  parameter. 

•  A  should  be  less  than  0.1  X  for  accurate  results  in  most  cases. 

•  A  should  be  less  than  0.05  X  in  critical  regions. 

•  A  could  be  less  than  0.2  X  on  long,  straight  segments. 

•  A  should  not  be  less  than  10"4  X. 

(b)  The  radius  a  should  be  small  relative  to  both  X  and  A. 

•  a  should  be  less  than  0.5  A. 

•  a  should  be  less  than  0.1  X. 

(c)  The  user  should  avoid  large  changes  in  the  radius,  especially  in  short 
segments,  and  also  avoid  sharp  bends  in  thick  segments. 

(d)  Wires  that  are  connected  must'contact  at  segment  ends.  If  the  separation  of 
two  segment  ends  is  less  than  10°  times  the  length  of  the  shortest  segment, 
then  they  are  considered  connected. 

(e)  Segments  before  and  after  the  segment  on  which  a  voltage  source  is  applied 
should  be  equal  in  length  and  radius.  When  the  source  is  at  the  base  of  a 
segment  connected  to  a  ground  plane,  this  segment  should  be  vertical. 

(f)  The  more  segments  used  in  a  wire  grid  to  model  a  solid  structure,  the  more 
accurate  the  solution  due  to  the  avoidance  of  high  inductances  normally 
present  in  sparse  grids. 

(g)  The  segments  on  either  sides  of  the  excitation  source  should  be  parallel  and 
have  the  same  lengths  and  radii. 

B.       COMPUTER  MODEL  RESULTS 

1 .  Average  Power  Gain 

Average  power  gain  was  obtained  by  integrating  the  radiated  power  and 
comparing  that  to  the  total  input  power  at  the  feed  points.  These  should  be  equal  for 
a  valid  solution.  An  average  power  gain  of  2.0  was  used  to  represent  a  theoretical 
antenna  radiating  in  a  half  space  over  a  perfect  ground.  A  common  criterion  applied 
to  antenna  computer  models  is  to  calculate  the  accuracy  of  the  model  with  average 
power  gain. 

Table  1  lists  the  calculated  average  power  gains  for  three  different  radii  of  the 
9  segment  transmission  line  antenna  in  the  frequency  range  2-10  MHz.  The  wire 
radius,  a.  was  limited  in  that  the  relationship  27ra/X  <  <  1  must  hold.  The  0.03  and 
0.04  meter  radii  have  the  same  gain  as  the  0.05  meter  radius  in  the  frequency  range  2  - 
9  MHz  but  differ  by  an  insignificant  amount  at  the  10  MHz. 
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TABLE  1 

AVERAGE  POWER  GAIN  FOR  TLA 
"    WITH  THREE  DIFFERENT  WIRE  RADII 

Frequency 
in  MHz 

r   =   0. 03 

r  =   0.04 

r  =   0.  05 

2 

1.99 

1.  99 

1.  99 

3 

1.  99 

1.99 

1.99 

4 

1.  99 

1.99 

1.  99 

5 

1.  99 

1.  99 

1.  99 

6 

1.  99 

1.  99 

1.99 

7 

1.99 

1.99 

1.99 

8 

1.  99 

1.  99 

1.99 

9 

1.99 

1.99 

1.  99 

10 

2.  00 

2.  00 

1.  99 

Table  2  lists  the  calculated  average  power  gains  for  four  different  numbers  of 
segments  of  the  transmission  line  antenna  in  the  frequency  range  2-10  MHz.  For 
wire  modeling,  the  main  electrical  consideration  was  segment  length.  A,  relative  to  the 
wavelength,  X,  and  A  should  be  less  than  approximately  0.1  X  at  the  desired  frequency. 
The  smaller  number  of  segments  show  slightly  high  average  gain  at  low  frequencies, 
and  the  larger  number  of  segments  show  slightly  higher  gain  at  high  frequencies.  The 
average  gain  of  the  9  segment  was  slightly  better  than  that  of  5,  15,  and  21  segments. 

Table  3  lists  the  calculated  average  power  gains  for  three  different  feed  points 
of  the  transmission  line  antenna  in  the  frequency  range  2  -  10  MHz.  The  end  feed  is 
located  at  the  end  of  one  side  of  the  transmission  line  with  a  segment  length  of  0.6 
meters  (hereafter  referred  to  as  "EF-TLA"),  the  center  end  feed  is  located  at  the  center 
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TABLE  2 

AVERAGE  POWER  GAIN  FOR  TLA 
WITH  FOUR  DIFFERENT  SEGMENTATIONS 

Frequency 
in  MHz 

5 

segment 

9 

segment 

15 
segment 

21 
segment 

2 

2.  04 

1.  99 

1.  97 

1.  96 

3 

2.  03 

1.  99 

1.  97 

1.  96 

4 

2.  02 

1.99 

1.  97 

1.  97 

5 

2.  01 

1.  99 

1.  97 

1.  97 

6 

2.  00 

1.  99 

1.  98 

1.  97 

7 

1.  99 

1.  99 

1.  98 

1.  98 

8 

1.  99 

1.  99 

1.  99 

1.  98 

1 

9 

1.  99 

1.  99 

1.  99 

1.  99 

10 

1.  99 

1.  99 

2.00 

2.  00 

of  one  side  of  the  transmission  line  with  a  segment  length  of  0.2  meters  ("CEF-TLA"), 
and  the  top  feed  is  located  at  the  center  of  the  upper  transmission  line  with  a  segment 
length  of  0.71  meters  ("TF-TLA").  As  frequency  increased,  the  average  power  gain  of 
the  CEF-TLA  decreased.  The  TF-TLA  had  slightly  high  average  power  gain  over  the 
entire  frequency  range. 

There  are  three  tables  listing  the  three  different  average  power  gains  in 
Appendix  B.  Table  B.l  lists  the  calculated  average  power  gain  for  three  different 
terminating  capacitors  of  the  9  segment  transmission  line  antenna,  with  the  capacitor 
at  the  far  end  of  the  transmission  line  in  the  frequency  range  2-10  MHz.  The  low 
capacitance  loads  produced  low  gain  at  high  frequencies. 

Table  B.2  lists  the  calculated  average  power  gain  for  three  different 
terminating  inductors  for  the  9  segment  transmission  line  antenna,  with  the  inductor  at 
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TABLE  3 

AVERAGE  POWER  GAIN  FOR  TLA 
WITH  THREE  DIFFERENT  FEED  POINTS 

Freauency 
in  "MHz 

EF-TLA 

CEF-TLA 

TF-TLA 

2 

1.  99 

1.  98 

2.  05 

3 

1.  99 

1.97 

2.  05 

4 

1.  99 

1.96 

2.05 

5 

1.  99 

1.94 

2.05 

6 

1.  99 

1.  92 

2.  05 

7 

1.  99 

1.  90 

2.  06 

8 

1.  99 

1.  88 

2.06 

9 

1.99 

1.87 

2.  06 

10 

. 

1.  99 

1.  86 

2.  06 

the  far  end  of  the  transmission  line  in  the  frequency  range  2  -  10  MHz.  The  inductors 
of  10"-  and  10     Henry  had  low  gain  at  high  frequencies. 

Table  B.3  lists  the  calculated  average  power  gain  for  the  9  segment 
transmission  line  antenna  with  a  short  at  the  far  end  in  the  frequency  range  4.0  -  6.9 
MHz.  The  average  power  gain  had  almost  the  theoretical  value  over  the  entire  range  of 
frequencies. 

2.  Input  Impedance 

The  input  impedance  is  illustrated  on  two  different  curves,  one  for  resistance 
(R),  and  the  other  for  reactance  (JX).  Figures  2.2  -  2.12  are  plots  of  input  resistance 
and  reactance  versus  frequency. 

Figures  2.2  -  2.3  show  the  resistance  and  reactance  of  a  wire  versus  frequency. 
The  graphs  show  that  the  thickness  of  the  wire  had  negligible  effect  on  the  resistance, 


however,   it   did  reduce   values   of  reactance.   Therefore,   the   thick  wire  was   more 
acceptable  than  the  thin  wire. 

Figures  2.4  -  2.5  show  the  same  resistance  for  different  segment  numbers  over 
the  entire  frequency  range,  however,  the  reactance  increased  as  the  segment  number 
increased.  High  reactance  was  noted  in  5  -  6  MHz  range. 

In  Figures  2.6  -  2.7,  the  CEF-TLA  displayed  slightly  higher  resistance  and 
reactance  over  the  entire  frequency  range.  The  TF-TLA  had  increased  resistance  and 
reactance  as  the  frequency  increased.  The  EF-TLA  and  the  CEF-TLA  had  the  highest 
resistance  and  reactance  at  5  MHz.  and  the  TF-TLA  had  the  highest  resistance  and 
reactance  at  10  MHz. 

Figures  2.8  -  2.9  show  that  the  resistance  decreased  as  the  termination 
capacitance  decreased.  A  capacitance  of  10  Farads  produced  high  input  resistance 
at  10  MHz. 

Figures  2.10  -  2.11  show  that  the  resistance  increased  for  termination 
inductances  of  10"-  and  10  Henry.  The  inductance  of  10"°  Henry  had  no  change  in 
resistance  and  reactance  when  compared  to  the  EF-TLA  case. 

Figure  2.12  shows  the  resistance  increased  at  5.3  MHz.  Above  5.3  MHz  the 
resistance  decreased.  Reactance  increased  to  5.2  MHz,  with  the  highest  value  at  5.3 
MHz 

Figures  2.2  -  2.12  show  that  resistance  was  low  and  reactance  was  high  except 
for  very  low  load  capacitance  and  inductance.  Reactance  could  be  reduced  by  using 
capacitance  or  inductance  but  resistances  were  very  low.  Particularly  in  the  5.0  -  5.5 
MHz  range,  resistances  were  high  and  reactances  were  very  high.  Input  impedance 
data  are  shown  in  Appendix  C. 
3.  Radiation  Patterns 

Radiation  patterns  for  the  transmission  line  antenna  computer  model  with  3 
different  feed  points  were  obtained  in  the  frequency  range  2  -  10  MHz.  For  the  EF- 
TLA  and  the  CEF-TLA,  the  radiation  patterns  had  almost  the  same  azimuth  and 
elevation  patterns  over  the  entire  frequency  range.  Figures  2.13  -  2.20  show  that  for  the 
EF-TLA,  the  azimuth  patterns  became  omnidirectional  at  5  and  6  MHz.  At  2  MHz, 
the  azimuth  pattern  had  nulls  at  the  side  (like  a  figure  eight).  These  side  nulls  filled  in 
as  frequency  increased.  At  frequencies  over  6  MHz,  the  azimuth  patterns  had 
decreasing  front  and  back  lobes.  At  10  MHz,  the  pattern  was  a  figure  eight  with  nulls 
front  and  back  and  lobes  to   the  sides.    With  increasing  frequency,  the  elevation 
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patterns  became  less   lobing  near  the   vertical.    The  CEF-TLA   case  is   shown  in 
Appendix  D. 

Figures  2.21  -  2.28  show  the  TF-TLA  case.  The  azimuth  and  elevation 
radiation  patterns"  looked  the  same  with  a  slight  change  in  the  lobe  pattern  over  the 
entire  frequency  range.  The  azimuth  patterns  had  less  lobing  near  the  side  like  a  figure 
eight  and  the  elevation  patterns  had  almost  the  same  5  dBI  in  the  entire  frequency 
range  but  with  a  slightly  smaller  vertical  size  at  the  high  frequency.  The  TF-TLA 
displayed  a  stable  pattern  in  2-10  MHz  range. 


22 


4  5  8  7  8 

FREQUENCY  IN  MHZ 


Figure  2.2     Resistance  vs  Frequency  for  a  9  Segment  CF-TLA 
with  Three  Different  Wire  Radii. 
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Figure  2.3     Reactance  vs  Frequency  for  a  9  Segment  EF-TLA 
with  Three  Different  Wire  Radii. 
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Figure  2.4     Resistance  vs  Frequency  for  FF-TLA 
with  Four  Different  Secmentations. 
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Figure  2.5     Reactance  vs  Frequency  for  EF-TLA 
with  Four  Different  Segmentations. 
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Figure  2.6     Resistance  vs  Frequency  for  TLA 
with  Three  Diflercnt  Feed  Points. 
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Figure  2.7     Reactance  vs  Frequency  for  TLA 
with  Three  Different  Feed  Points. 
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Figure  2.8     Resistance  vs  Frequency  for  CF-TLA 
with  Three  Different  Capacitive  Loads. 
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Figure  2.9     Reactance  vs  Frequency  for  EF-TLA 
with  Three  Different  Capacitive  Loads. 
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Figure  2.10     Resistance  vs  Frequency  for  FF-TLA 
with  Three  Different  Inductive  Loads. 
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Figure  2.11     Reactance  vs  Frequency  for  EF-TLA 
with  Three  Different  Inductive  Loads. 
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Figure  2.12     Impedance  Plot  of  EF-TLA  from  4.0  -  6.9  MHZ 
with  9  Segments  and  a  0.05  Meter  Radius. 
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Figure  2.13     E-Hekl  Azimuth  Pattern  at  2  MHz  for  EF-TLA. 
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Figure  2.14     E-Fickl  Elevation  Pattern  at  2  MHz  for  FF-TLA. 
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Figure  2.15     C-Field  Azimuth  Pattern  at  5  MHz  for  HF-TLA. 
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Figure  2.16    E-Field  Elevation  Pattern  at  5  MHz  lor  EF-TLA. 
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Fiaure  2.17     E-Ficld  Azimuth  Pattern  at  7  MMz  for  EF-TLA. 
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Figure  2.18     E-Field  Elevation  Pattern  at  7  MHz  for  EF-TLA. 
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Figure  2.19     F-Ficld  Azimuth  Pattern  at  10  MHz  for  EF-TLA. 
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Figure  2.20    E-Field  Elevation  Pattern  at  10  MHz  for  EF-TLA. 
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Figure  2.21     C- Field  Azimuth  Pattern  at  2  MHz  for  TF-TLA. 
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Figure  2.22     E-Field  Elevation  Pattern  at  2  MHz  for  TF-TLA. 
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Figure  2.23     IZ-Ficld  Azimuth  Pattern  at  6  MHz  for  TF-TLA. 
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Figure  2.24     E-Field  Elevation  Pattern  at  6  MHz  for  TF-TLA. 
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Figure  2.25     IZ-FiclJ  Azimuth  Pattern  at  10  MIIz  for  I'F-TLA. 
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Fiszure  2.26     E-Ficld  Elevation  Pattern  at  10  MHz  for  TF-TLA. 
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III.  SHIP  -  ANTENNA  COMPUTER  MODELS  AND  RESULTS 

This  chapter  presents  the  ship  computer  models  used  in  this  thesis  and  the  results 
of  mounting  TLA  structures  on  the  ship.  The  models  are  for  an  FFG-45  frigate  which 
has  the  transmission  line  antenna  on  the  bow  and  the  stern  of  the  ship  and  is  operating 
over  a  perfect  ground. 

A.       SHIP  COMPUTER  MODELS 

Figure  3.1,  from  Naval  Electronic  Systems  Command  [Ref.  4|,  illustrate  the  bow 
and  stern  area  of  an  FFG  -  45  frigate.  As  shown  in  Chapter  II,  the  computer  models 
arc  the  transmission  line  with  dimensions  of  13.5  x  0.6  meters. 


rr\^^x 


KEY    PLAN 


Figure  3.1     FFG-45  Frigate. 
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Figures  3.2  -  3.5  show  the  wire-grid  of  the  FFG-45  frigate  model  used.  Using 
NEC  geometry  cards,  an  FFG-45  frigate  was  modeled  with  wires  of  0.05  meter  radius 
for  2,  4.5.  7.5,  and  10  MHz.  It  was  noted  by  G.J  Burke  that  the  NEC  code  had  some 
limitations  in  modeling  electrically  small  antennas  in  the  vicinity  of  loops  [Rcf.  5].  In 
the  case  cited,  the  loops  were  formed  by  the  wire  grid  making  up  the  ship  body.  The 
loop  currents  at  low  frequencies  became  proportional  to  1/f  while  the  antenna  current 
was  proportional  to  f,  which  was  clearly  wrong.  The  interaction  matrix  for  the  loops 
became  ill-conditioned  at  the  lower  frequencies.  Mr.  Burke  observed  that  this  problem 
could  be  minimized  by  spacing  the  antenna  further  from  the  loops. 


Figure  3.2    Wire  Grid  Model  of  an  FFG-45  Frigate 
without  Antenna. 
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Figure  3.3     Wire  Grid  Model  of  an  FFG-45  Frigate 
with  Antenna  on  the  Bow. 

As  shown  in  Chapter  II,  the  important  design  considerations  required  to  develop 
these  computer  models  were  the  segmentation  size,  the  radii  of  the  segments,  and  the 
proper  geometrical  model.  For  wire  modeling,  the  main  electrical  consideration  was 
segment  length,  A,  relative  to  the  wavelength,  X.  For  accurate  results,  A  should  be  less 
than  approximately  0. 1  X  at  the  desired  frequency.  The  wire  radius,  a,  relative  to  the 
wavelength,  was  limited  to  the  approximation,  that  the  relationship  27ta  X  <  <  1  must 
hold  for  the  configuration. 

The  wire-grid  model  was  run  at  four  different  frequencies  to  produce  the 
Numerical  Green's  Function  (NGF).  Appendix  A  shows  the  geometry  data  cards  for 
the  NGF  and  the  EF-TLA  and/or  the  TF-TLA  at  three  different  positions  at  2,  4.5, 
7.5,  and  10  MHz.  With  the  Numerical  Green's  Function  (NGF)  option  [Ref.  6],  a 
Fixed  structure  and  its  environment  may  be  modeled  and  the  factored  interaction  matrix 
saved  on  a  file.  The  main  purpose  of  the  NGF  is  to  avoid  unnecessary  repetition  of 
calculations   when   most    of  a   model,    such   as   the   ship's    structure   in   a   complex 
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Figure  3.4    Wire  Grid  Model  of  an  FFG-45  Frigate 
with  Antenna  on  the  Stern. 

environment,  remains  fixed.  When  modeling  antennas  on  ships,  several  antenna  designs 
or  locations  may  be  considered  on  an  otherwise  unchanged  ship.  With  the  NGF,  the 
self-interaction  matrix  for  the  fixed  environment  may  be  computed,  factored  for 
solution,  and  saved  on  a  tape  or  disk  file.  The  solution  for  a  new  antenna  then  requires 
only  the  evaluation  of  the  self-interaction  matrix  for  the  antenna,  the  mutual  antenna- 
to-environment  interactions,  and  matrix  manipulations  for  a  partitioned-matrix 
solution.  Another  reason  for  using  the  NGF  option  is  to  exploit  partial  symmetry  in  a 
structure.  In  a  single  run,  a  structure  must  be  perfectly  symmetric  for  NEC  to  use 
symmetry  in  the  solution.  Such  partial  symmetry  may  be  exploited  to  reduce  solution 
time  by  running  the  symmetric  part  of  the  model  first  and  writing  a  NGF  file.  The 
unsymmetric  parts  may  then  be  added  in  a  second  run.  Use  of  the  NGF  option  may 
also  be  warranted  for  large,  time-consuming  models  to  save  an  expensive  result  for 
further  use.  Without  adding  new  antennas,  it  may  be  used  with  a  new  excitation  or  to 
compute  new  radiation,  nearfield,  or  coupling  data  not  computed  in  the  original  run. 
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Figure  3.5    Wire  Grid  Model  of  an  FFG-45  Frigate 
with  Antenna  on  the  Bow  and  the  Stern. 

Since  this  model  had  over  600  segments,  when  using  NEC,  the  SGF  file  FILE 
FT20F001  B4'  was  produced  by  running  a  program.  Each  frequency  run  required  two 
to  two  and  one-half  hours  of  CPU  time  (IBM  370,3033). 

B.       COMPUTER  RESULTS 

This  section  represents  the  computer  results  of  the  EF-TLA  and  the  TF-TLA  on 
the  bow  and  the  stern  of  an  FFG-45  frigate  which  were  run  over  a  perfect  ground. 

1.  Average  Po^er  Gain 

Over  a  perfectly  conducting  ground  the  average  power  gain  should  be  2.0.  The 
computed  result  differed  by  about  1.5  %,  probably  due  to  the  10-degree  steps  used  in 
integrating  the  radiated  power.  For  a  more  complex  structure,  the  average  gain  can 
provide  a  check  on  the  accuracy  of  the  computed  input  impedance  over  a  perfect 
ground  where  it  should  equal  2.0  or  in  free  space  where  it  should  equal  1.0.  If  the 
average  power  gain  is  less  than  1.8  or  more  than  2.2,  this  indicates  that  the  input 
impedance  is  inaccurate. 
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Table  4  shows  the  average  power  gain  of  the  EF-TLA  for  three  different 
positions  of  the  transmission  line  antenna  on  an  FFG-45  frigate.  Table  5  shows  the 
average  power  gain  of  the  TF-TLA  for  three  different  positions  of  the  transmission  line 
antenna  on  an  FFG-45  frigate. 


TABLE  4 
AVERAGE  POWER  GAIN  FOR  END  FEED-TLA 

Frequency 
in  MHz 

EF-TLA 
on  Bow 

EF-TLA 
on   Stern 

EF-TLA 
on  Bow  &   Stern 

2 

0.94 

1.  74 

1.  19 

4.  5 

1.  56 

2.  04 

1.  87 

7.  5 

1.  47 

2.  44 

1.  90 

10 

1.96 

2.  43 

2.  76 

TABLE  5 
AVERAGE  POWER  GAIN  FOR  TOP  FEED-TLA 

Frequency 

in  MHz 

TF-TLA 
on  Bow 

TF-TLA 
on  Stern 

TF-TLA 
on  Bow  &   Stern 

2 

1.  18 

1.  98 

1.  88 

4.  5 

2.  13 

1.  71 

2.  07 

7.  5 

2.  93 

2.85 

1.  81 

10 

1.  38 

2.  96 

2.  12 
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For  the  EF-TLA  (see  Table  4),  the  average  power  gains  are  acceptable  in  the 
case  of  4.5  and  7.5  MHz  with  the  transmission  line  on  the  bow  and  the  stern,  4.5  MHz 
with  the  transmission  line  on  the  stern,  and  10  MHz  with  the  transmission  line  on  the 
bow.  The  average  power  gain  of  the  transmission  line  on  the  stern  shows  higher  value 
than  that  on  the  bow,  and  in  the  case  of  the  transmission  line  on  the  bow  and  the 
stern,  increased  as  the  frequency  increased. 

For  the  TF-TLA  (see  Table  5),  the  average  power  gains  are  acceptable  in  the 
case  of  2,  4.5  and  7.5  MHz  with  the  transmission  line  on  the  bow  and  the  stern,  4.5 
MHz  with  the  transmission  line  on  the  bow,  and  2  MHz  with  the  transmission  line  on 
the  stern.  The  average  power  gains  are  high  values  for  the  transmission  line  on  the 
bow  at  4.5  and  7.5  MHz,  and  for  the  transmission  line  on  the  stern  at  7.5  and  10  MHz. 
2.  Input  Impedance 

Tables  6  -  9  show  the  input  impedance  for  the  three  different  positions  of  the 
transmission  line  antenna  on  an  FFG-45  frigate.  In  the  case  of  the  antenna  on  the 
bow  and  on  the  stern,  the  resistance  and  the  reactance  had  almost  the  same  values  as 
the  antenna  on  the  bow  and  the  stern  but  differ  from  the  resistance  at  7.5  MHz  and 
from  the  reactance  at  10  MHz  in  the  EF-TLA  case. 

Figures  3.6  -  3.8  show  that  the  resistance  and  reactance  increased  at  4.5  MHz, 
and  decreased  as  the  frequency  increased.  The  EF-TLA  on  the  stern  has  low  resistance 
at  2  and  10  MHz,  and  high  reactance  at  4.5  MHz. 

Figures  3.9  -  3.11  show  that  the  resistance  increased  as  the  frequency  increased 
but  the  reactance  decreased  at  10  MHz.  The  TF-TLA  on  the  bow  and  the  stern  has 
low  resistance  at  2  and  4.5  MHz,  and  high  resistance  and  reactance  at  7.5  and  10  MHz. 
The  EF-TLA  on  the  bow  has  a  large  difference  between  resistance  and  reactance 
except  at  10  MHz  and  at  4.5  MHz.  For  the  TF-TLA  on  the  bow  and/or  the  stern,  the 
resistance  has  a  very  low  value  compared  with  the  reactance. 

A  SWR  of  3:1  was  considered  as  a  reasonable  criterion  for  practical  operation. 
Even  though  many  antennas  satisfy  this  criterion  over  an  operating  band  of 
frequencies,  many  of  them  can  be  brought  into  this  region  of  the  Smith  chart  by  the. 
use  of  a  series  inductance  or  capacitance  [Ref.  7].  Figures  3.12  -  3.15  presents  the  3.T 
SWR  circle.  The  shaded  region  represents  the  impedance  region  of  the  Smith  chart 
which  may  be  moved  into  the  3:1  SWR  by  the  use  of  series  reactances.  Any  impedance 
that  falls  in  the  3:1  SWR  circle  or  in  the  shaded  region  of  the  Smith  chart,  will  be 
considered  as   acceptable.   Two   kinds   of  Smith  chart  plots  were  presented  at   the 
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TABLE  6 
RESISTANCE  FOR  END  FEED-TLA 

Frequency 
in  MHz 

EF-TLA 
on  Bow 

EF-TLA 
on   Stern 

EF-TLA 
on  Bow  <&   Stern 

2 

0.  6 

0.2 

0.7             0.3 

4.  5 

620.  6 

259.  6 

630.9        260.7 

7.  5 

29.  9 

42.  1 

28.1           45.7 

10 

9.  3 

13.2 

9.  1           14.  7 

TABLE  7 
REACTANCE  FOR  END  FEED-TLA 

Frequency 
in  MHz 

EF-TLA 
on  Bow 

EF-TLA 
on  Stern 

EF-TLA 
on  Bow  &   Stern 

2 

177.  5 

180.8 

177.5        180.7 

4.  5 

789.  1 

1589. 4 

796.1      1591.2 

7.  5 

-262.2 

-244.  4 

-261.3      -246.9 

10 

-13.  6 

-41.  1 

-13.5        -52.8 

designed  frequency  range  for  each  feed  location.  One  was  the  Smith  chart  plot  using 
the  50  Ohm  characteristic  impedance  of  typical  HF  whip  antennas;  the  other  was  the 
Smith  chart  plot  using  a  characteristic  impedance  of  500  Ohms.  Usually,  the 
characteristic  impedance  (Zo)  can  be  shifted  for  an  HF  shipboard  antenna  system.  For 
the  50  Ohm  characteristic  impedance  ,  the  range  of  frequencies  satisfying  the  3:1  SWR 
is  limited  at  7.5  MHz  in  the  EF-TLA  case,  and  at  4.5  MHz  in  the  TF-TLA.  When  a 
characteristic  impedance  of  500  Ohms  was  used,  it  is  shown  to  be  the  opposite  case. 
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Figure  3.6    Input  Impedance  vs  Frequency  for  EF-TLA  on  the  Bow. 
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Figure  3.7     Input  Impedance  vs  Frequency  for  EF-TLA  on  the  Stern. 
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Figure  3.8     Input  Impedance  vs  Frequency  for  EF-TLA  on  the  Bow  and  the  Stern. 
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TABLE  8 
RESISTANCE  FOR  TOP  FEED-TLA 

Frequency 
in  MHz 

TF-TLA 
on  Bow 

TF-TLA 
on  Stern 

TF-TLA 
on  Bow  <&  Stern 

2 

0.  3 

0.2 

0.3             0.2 

4.  5 

32.  6 

5.2 

33.5             5.8 

7.  5 

622.  4 

634.  3 

583.1        830.1 

10 

2012.  1 

3249. 9 

1999.7      3447.4 

TABLE  9 
REACTANCE  FOR  TOP  FEED-TLA 

Frequency 
in  MHz 

TF-TLA 
on  Bow 

TF-TLA 
on  Stern 

TF- 
on  Bow 

-TLA 
&  Stern 

2 

175.  5 

154.  7 

175.  6 

154.  8 

4.  5 

526.  9 

437.  5 

527.  6 

436.  9 

7.  5 

1640. 1 

2447.  0 

1654.4 

2234.  1 

10 

-1790. 5 

-169. 2 

-1783. 3 

-350. 2 
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Figure  3.9     Input  Impedance  vs  Frequency  for  TF-TLA  on  the  Bow. 
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Figure  3.10     Input  Impedance  vs  Frequency  for  TF-TLA  on  the  Stern. 
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Figure  3.1 1     Input  Impedance  vs  Frequency  for  TF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3.12     Smith  Chart  Showing  3:1  VSWR 
Impedance  Wot  of  UF-TLA  :  Zo  =  50  Ohm. 
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Figure  3.13     Smith  Chart  Showing  3:1  VSWR 
Impedance  Plot  of  TF-TLA  :  Zo  =  50  Ohm. 
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Figure  3.14     Smith  Chart  Showing  3:1  VSWR 
Impedance  Plot  of  EF-TLA  :  Zo  =  500  Ohm. 
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Figure  3.15     Smith  Chart  Showing  3:1  VSWR 
Impedance  Plot  ol'TF-TLA  :  Zo  =  500  Ohm. 
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3.  Radiation  Patterns 

a.  EF-  TLA  on  the  Ship's  Bow  or  Stern  (Appendix  E) 

Azimuth  patterns  of  the  transmission  line  on  the  bow  are  directed 
backward  at  2  and  4.5  MHz,  with  two  broadside  lobes  and  one  back  lobe  at  7.5  MHz. 
At  10  MHz,  the  pattern  is  more  complex.  Elevation  patterns  of  the  antenna  on  the 
bow  are  fairly  uniform  with  good  high  angle  coverage  for  lower  frequencies.  Azimuth 
patterns  of  the  transmission  iine  on  the  stern  show  the  opposite  effect  in  which  the 
forward  lobe  is  larger  than  the  backward  lobe  at  4.5  and  7.5  MHz,  but  the  backward 
lobe  dominates  at  10  MHz.  Elevation  patterns  for  stern  mounting  are  similar  in 
coverage  to  the  bow  ones. 

b.  TF-  TLA  on  the  Ship's  Bow  or  Stern  (Appendix  E) 

Azimuth  and  elevation  gains  are  lower  than  those  in  the  EF-TLA  case  over 
the  entire  frequency,  but  elevation  patterns  are  higher  gain  than  in  the  EF-TLA  case, 
favoring  Near  Vertical  Incidence  Skywave  (NVIS)  coverage.  Azimuth  patterns  of  the 
antenna  on  the  bow  show  that  the  forward  lobe  is  larger  than  the  backward  lobe  at  2, 
4.5,  and  7.5  MHz  but  differ  at  10  MHz.  In  the  case  of  the  azimuth  patterns  of  the 
antenna  on  the  stern,  the  forward  and  backward  lobe  is  large  at  2  MHz  and  the  side 
lobe  is  large  at  4.5  and  7.5  MHz. 

c.  EF-TLA  and  TF-TLA  Mounted  on  Both  the  Bow  and  the  Stern  (Figure  3.16  - 

3.31) 

In  the  case  of  the  transmission  line  on  both  the  bow  and  the  stern,  the 
azimuth  patterns  show  that  the  backward  lobe  is  larger  than  the  forward  lobe  but 
indicate  almost  the  same  forward  and  backward  lobes  at  7.5  MHz.  Elevation  patterns 
for  dual  mounting  have  a  large  forward  lobe,  with  slightly  more  vertical  pattern  than 
the  case  of  the  antenna  on  the  bow  or  on  the  stern.  Large  azimuth  side  lobes  provide 
more  uniform  coverage  than  for  single  location  mounting. 
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EF-TLA  ON  THE  BOW  AND  THE  STERN 
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Figure  3.16     E-Ficld  Azimuth  Pattern  at  2.0  MHz 
for  EF-TLA  on  the  Bow  and  the  Stern. 
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EF-TLA  ON  THE  BOW  AND  THE  STERN 
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Figure  3.17     E- Field  Elevation  Pattern  at  2.0  MHz 
for  EF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3. IS     E- Field  Azimuth  Pattern  at  4.5  MHz 
for  FF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3.19     E-Ficki  Elevation  Pattern  at  4.5  MHz 
for  EF-TLA  on  the  Bow  and  the  Stern. 
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EF-TLA  ON  THE  BOW  AND  THE  STERN 
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Figure  3.20     F- Field  Azimuth  Pattern  at  7.5  MHz 
for  EF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3.21     E- Field  Elevation  Pattern  at  7.5  MHz 
for  EF-TLA  on  the  Bow  and  the  Stern. 
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EF-TLA  ON  THE  BOW  AND  THE  STERN 


FREQUENCY  =  10  MHZ 
c 


270 


PATTERN  CAIN  IN  081 

.......    HORIZONTAL 

— '  'VERTICAL 

— — —  TOTAL 


ANGLES  IN  DEGREES  TRUE 


180 


Figure  3.22     E-Ficld  Azimuth  Pattern  at  10.0  MHz 
for  EF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3.23     E-Field  Elevation  Pattern  at  10.0  MHz 
for  EF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3.24     E-Ficld  Azimuth  Pattern  at  2.0  MHz 
for  TF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3.25     E-Field  Elevation  Pattern  at  2.0  MHz 
for  TF-TLA  on  the  Bow  and  the  Stern. 


77 


TF-TLA  ON  THE  BOW  AND  THE  STERN 


FREQUENCY  =  4.5  MHZ 
o 


270 


PATTERN  CAIN  IN  OBI 
.......   HORIZONTAL 

—  ■  VERTICAL 

■^— —  TOTAL 


ANGLES  IN  DECREES  Tf?Uf 


180 


Figure  3.26    E-Ficld  Azimuth  Pattern  at  4.5  MHz 
for  TF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3.27     E- Field  Elevation  Pattern  at  4.5  MHz 
for  TF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3.2S     E-Field  Azimuth  Pattern  at  7.5  MHz 
for  TF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3.29     E-Field  Elevation  Pattern  at  7.5  MHz 
for  TF-TLA  on  the  Bow  and  the  Stern. 
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Figure  3.30    E-Field  Azimuth  Pattern  at  10.0  MHz 
for  TF-TLA  on  the  Bow  and  the  Stern. 
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Ficure  3.31     E-Ficld  Elevation  Pattern  at  10.0  MHz 
for  TF-TLA  on  the  Bow  and  the  Stern. 
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IV.  CONCLUSIONS  AND  RECOMMENDATIONS 

This  thesis  describes  a  survivable  antenna  design  and  a  ship-antenna  computer 
model.  The  transmission  line  antenna  was  modeled  for  the  HF  frequency  range  of  2  - 
!0  MHz  and  performance  parameters  were  calculated  and  presented.  A  wire  grid  was 
used  to  model  the  surface  of -a  small  frigate.  The  transmission  line  antenna  was  placed 
on  the  bow  and  the  stern  of  the  ship  and  performance  for  the  system  was  calculated 
using  the  NEC  program  over  a  perfect  ground 

A.       CONCLUSIONS 

Wire  radius  changes  and  increasing  the  number  of  segments  made  virtually  no 
difference  in  average  power  gain.  The  EF-TLA  and  the  TF-TLA  had  stable  average 
power  gains,  and  the  TF-TLA  produced  more  useable  radiation  patterns  for  the 
isolated  antenna.  The  feed  location  caused  different  input  impedance  versus  frequency. 
The  resistance  was  generally  low  compared  with  the  reactance,  particularly  in  the  EF- 
TLA,  which  had  very  high  resistance  and  reactance  at  5.2  -  5.4  iMHz  a  resonance 
frequency.  A  capacitor  and  an  inductor  were  used  as  a  load  at  the  far  end  of  the 
transmission  line  for  the  purpose  of  improving  the  impedance,  but  they  had  no 
appreciable  effect. 

For  a  transmission  line  antenna  on  the  bow  and  the  stern  of  the  ship,  the  average 
power  gain  of  the  EF-TLA  was  acceptable  at  4.5  and  7.5  MHz,  and  the  TF-TLA  at  2, 
4.5,  7.5,  and  10  MHz.  This  identifies  the  TF-TLA  NEC  model  as  more  acceptable 
than  the  EF-TLA,  at  the  present  time.  The  EF-TLA  and  the  TF-TLA  on  the  bow  and 
the  stern  had  a  large  difference  between  resistance  and  reactance.  The  elevation 
pattern  of  the  EF-TLA  had  a  forward  lobe  that  was  slightly  larger  than  the  backward 
lobe,  and  the  TF-TLA  displayed  the  opposite  effect.  Azimuth  patterns  of  the  EF-TLA 
and  the  TF-TLA  show  more  pronounced  lobing  at  higher  frequencies,  as  can  be 
expected.  The  patterns  are  considered  useable  for  shipboard  communications  for  either 
feed  location. 

The  results  of  this  investigation  revealed  that  transmission  line  antennas  on  the 
bow  and  the  stern  of  the  ship  have  the  common  characteristic  of  requiring  equal 
segment  length  in  the  vicinity  of  the  excitation  source.  The  antennas  are  matchable  to 
3:1  VSWR  at  7.5  MHz  in  the  EF-TLA  case  and  at  4.5  MHz  in  the  TF-TLA  case  with 


84 


a  50  Ohm  characteristic  impedance.  If  500  Ohms  is  chosen  as  the  normalizing 
impedance,  the  above  characteristics  for  matchability  reverse  with  frequency.  Thus,  the 
characteristic  impedances  of  50  Ohms  or  500  Ohms  yield  very  limited  frequency  range 
for  matchable  impedance. 

B.       RECOMMENDATIONS 

Many  aspects  of  this  study  warrant  further  investigation: 

•  Since  the  input  impedance  was  generally  high  for  50  Ohm  normalization, 
investigate  impedance  transformation  methods  or  switchable  feed  points, 
locating  feed  at  intermediate  points  between  the  end  and  the  top,  varying  the 
location  with  frequency  to  obtain  useful  results. 

•  Run  additional  frequencies  for  a  better  impedance  definition.  Only  four 
frequencies  were  investigated  during  this  thesis  due  to  time  and  computer 
resource  limitations. 

•  Try  an  increased  number  of  segments  on  the  ship  model,  in  the  vicinity  of  the 
transmission  antenna.  This  may  help  improve  the  accuracy  of  current  definition 
and  improve  the  average  power  gain,  especially  for  the  end-feed  antennas. 

•  Seek  methods  to  reduce  the  Q  (increase  the  bandwidth)  of  the  antenna  to 
stabilize  the  wild  impedance  variations  observed  in  this  study. 
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APPENDIX  A 
GEOMETRY  DATA  SETS 


a.  Ship  NGF  Geometry 
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5,-5.72,4.5,112.5,-5.72,0,0.05 

-5.36,4.5,117,-5.36,0,0.05 

5,-5,4.5,121.5,-5,0,0.05 

,6,36,2,6,0.05 

,6,40.5,5,5.625,0.05 

,5,5.625,54,5,4.5,0.05 

,4.5,58.5,5,4.5,0.05 

,5,4.5,60.75,3.5,4.5,0.05 

5,3.5,4.5,69.75,3.5,4.5,0.05 

5,3.5,4.5,78.75,6.8,4.5,0.05 

,4.25,7.125,36,6.8,6,0.05 

,-4.25,7.125,36,-6.8,6,0.05 

,9,40.5,5,9,0.05 

,5,9,54,5,9,0.05 

,9,58.5,5,9,0.05 

,5,9,60.75,3.5,9,0.05 

5,3.5,9,69.75,3.5,9,0.05 

5,3.5,9,78.75,6.8,9,0.05 

,6,36,-2,6,0.05 

2,6,40.5,-5,5.625,0.05 

,-5,5.625,54,-5,4.5,0.05 

5,4.5,58.5,-5,4.5,0.05 

,-5,4.5,60.75,-3.5,4.5,0.05 

5,-3.5,4.5,69.75,-3.5,4.5,0.05 

5,-3.5,4.5,78.75,-6.8,4.5,0.05 

2,9,40.5,-5,9,0.05 

,-5,9,54,-5,9,0.05 

5,9,58.5,-5,9,0.05 

,-5,9,60.75,-3.5,9,0.05 

5,-3.5,9,69.75,-3.5,9,0.05 

5,-3.5,9,78.75,-6.8,9,0.05 

,6,36,2,9,0.05 

,5,5.625,40.5,5,9,0.05 

,5,4.5,58.5,5,9,0.05 

5,3.5,4.5,60.75,3.5,9,0.05 

5,3.5,4.5,69.75,3.5,9,0.05 

75,6.8,4.5,73.75,6.8,9,0.05 

6.8,4.5,99,6.8,9,0.05 

0,4.5,99,6.8,4.5,0.05 

0,9,99,6.8,9,0.05 

-2,6,36,-2,9,0.05 

5,-5,5.625,40.5,-5,9,0.05 

5,-5,4.5,58.5,-5,9,0.05 

75,-3.5,4.5,60.75,-3.5,9,0.05 

75,-3.5,4.5,69.75,-3.5,9,0.05 

75,-6.8,4.5,78.75,-6.8,9,0.05 

-6.8,4.5,99,-6.8,9,0.05 

0,4.5,99,-6.8,4.5,0.05 

0,9,99,-6.8,9,0.05 

-1.5,6.75,27,1.5,6.75,0.05 

1.5,6.75,31.5,1.5,6.375,0.05 

5,1.5,6.37  5,31.5,-1.5,6.375,0.05 

5,-1.5,6.375,27,-1.5,6.7  5,0.05 

-1.5,9,27,1.5,9,0.05 

1.5,9,31.5,1.5,9,0.05 

5,1.5,9,31.5,-1.5,9,0.05 

5,-1.5,9,27,-1.5,9,0.05 

-1.5,6.75,27,-1.5,9,0.05 

1.5,6.75,27,1.5,9,0.05 

5,1.5,6.375,31.5,1.5,9,0.05 

5,-1.5,6.375,31.5,-1.5,9,0.05 

0,9,22.5,4.25,7.125,0.05 
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GW 

126 

,4,36,6. 

GW 

127 

,10,54,6 

GW 

128 

,20,99,6 

GW 

129 

-10,0,0, 

GW 

130 

,4,36,-6 

GW 

131 

,10,54,- 

GW 

132 

,20  ,.99,- 

GW 

133 

,6,0,0,9 

GW 

134 

,4,0,0,9 

GW 

135 

,3,121.5 

GW 

136 

,3,121.5 

GW 

137 

,12,0,0, 

GW 

138 

,2,31.5, 

GW 

139 

,15,121. 

GW 

140 

2,4.5,- 

GW 

141 

2,9,-1. 

GW 

142 

4,13.5, 

GW 

143 

4,18,-3 

GW- 

144 

4,22.5, 

GW 

145 

8,81,6. 

GW 

146 

8,81,-6 

GW 

147 

2,85.5, 

GW 

148 

4,121.5 

GW 

149 

4,117,0 

GW 

150 

4,112.5 

GW 

151 

4,108,0 

GW 

152 

4,103.5 

GW 

153 

4,121.5 

GW 

154 

4,117,0 

GW 

155, 

4,112.5 

GW 

156 

4,108,0 

GW 

157 

4,103.5 

GW 

158, 

1,78.75 

GW 

159 

1,78.75 

GW 

160 

1,36,0, 

GW 

161 

2,36,2, 

GW 

162 

1,40.5, 

GW 

163 

2,45,5, 

GW 

164 

1,36,0, 

GW 

165 

2,36,-2 

GW 

166 

1,40.5, 

GW 

167 

2,45,-5 

GW 

168 

1,40.5, 

GW 

169 

1,40.5, 

GW 

170 

1,43.5, 

GW 

171 

1,43.5, 

GW 

172 

1,40.5, 

GW 

173 

1,40.5, 

GW 

174 

1,43.5, 

GW 

175 

1,43.5, 

GW 

176 

1,40.5, 

GW 

177 

1,40.5, 

GW 

178 

,1,43.5, 

GW 

179 

,1,43.5, 

GW 

180 

,1,36,2, 

GW 

181 

,1,45,0, 

GW 

182 

,2,36,0, 

GW 

183 

,1,36,2, 

GW 

184 

,1,40.5, 

GW 

185 

,1,45,5, 

GW 

186 

,1,36,-2 

GW 

187 

,1,40.5, 

GW 

188 

,1,45,-5 

GW 

189 

,2,45,5, 

GW 

190 

,2,45,-5 

GW 

191 

,1,40.5, 

GW 

192 

,1,40.5, 

GW 

193 

,1,46.5, 

GW 

194 

1,46.5, 

GW 

195 

,1,49.5, 

8,6,54,6.8,4.5,0.05 

.8,4.5,99,6.8,4.5,0.05 

.8,4.5,121.5,5,4.5,0.05 

9,22.5,-4.25,7.125,0.05 

.8,6,54,-6.8,4.5,0.05 

6.8,4.5,99,-6.8,4.5,0.05 

6.8,4.5,121.5,-5,4.5,0.05 

,9,0,0,0.05 

,0,0,13.5,0.05 

,0,4.5,121.5,0,0,0.05 

,0,4.5,121.5,0,9,0.05 

9,27,0,6.75,0.05 

0,6.375,36,0,6,0.05 

5,0,4.5,99,0,4.5,0.05 

0.85,8.625,4.5,0.85,8.625,0.05 

70,8.25,9,1.7,8.25,0.05 

-2.550,7.875,13.5,2.55,7.875,0.05 

.40,7.5,18,3.4,7.5,0.05 

-4.250,7.125,22.5,4.25,7.125,0.05 

8,9,99,6.8,9,0.05 

.8,9,99,-6.8,9,0.05 

6.8,9,85.5,6.8,18,0.05 

,0,4.5,121.5,5,4.5,0.05 

,4.5,117,5.36,4.5,0.05 

,0,4.5,112.5,5.72,4.5,0.05 

,4.5,108,6.08,4.5,0.05 

,0,4.5,103.5,6.44,4.5,0.05 

,0,4.5,121.5,-5,4.5,0.05 

,4.5,117,-5.36,4.5,0.05 

,0,4.5,112.5,-5.72,4.5,0.05 

,4.5,108,-6.08,4.5,0.05 

,0,4.5,103.5,-6.44,4.5,0.05 

,6.8,9,81,6.8,9,0.05 

,-6.8,9,81,-6.8,9,0.05 

12,36,2,12,0.05 

12,40.5,5,12,0.05 

5,12,45,5,12,0.05 

12,45,0,12,0.05 

12,36,-2,12,0.05 

,12,40.5,-5,12,0.05 

-5,12,45,-5,12,0.05 

,12,45,0,12,0.05 

-1.5,12,40.5,1.5,12,0.05 

1.5,12,43.5,1.5,12,0.05 

1.5,12,43.5,-1.5,12,0.05 

-1.5,12,40.5,-1.5,12,0.05 

-1.5,16,40.5,1.5,16,0.05 

1.5,16,43.5,1.5,16,0.05 

1.5,16,43.5,-1.5,16,0.05 

-1.5,16,40.5,-1.5,16,0.05 

-1.5,12,40.5,-1.5,16,0.05 

1.5,12,40.5,1.5,16,0.05 

-1.5,12,43.5,-1.5,16,0.05 

1.5,12,43.5,1.5,16,0.05 

9,36,-2,9,0.05 

9,45,0,12,0.05 

12,36,0,21,0.05 

9,36,2,12,0.05 

5,9,40.5,5,12,0.05 

9,45,5,12,0.05 

,9,36,-2,12,0.05 

-5,9,40.5,-5,12,0.05 

,9,45,-5,12,0.05 

9,45,0,9,0.05 

,9,45,0,9,0.05 

1.5,12,40.5,5,12,0.05 

-1.5,12,40.5,-5,12,0.05 

1.5,9,46.5,-1.5,9,0.05 

1.5,9,49.5,1.5,9,0.05 

1.5,9,49.5,-1.5,9,0.05 
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GW 

196, 

1, 

46. 

GW 

197, 

1, 

46. 

GW 

198, 

1, 

46. 

GW 

199, 

1, 

49. 

GW 

200, 

1, 

49. 

GW 

201, 

1, 

46. 

GW 

202, 

1, 

46. 

GW 

203, 

1, 

49. 

GW 

204, 

1, 

46. 

GW 

205, 

1, 

46. 

GW 

206, 

1, 

46. 

GW 

207, 

1, 

49. 

GW 

208, 

1, 

49. 

GW 

209, 

1, 

46. 

GW 

210, 

1, 

46. 

GW 

211, 

1, 

49. 

GW 

212, 

1, 

46. 

GW 

213, 

1, 

46. 

GW 

214, 

1, 

46. 

GW 

215, 

1; 

49. 

GW 

216, 

1, 

49. 

GW 

217, 

1, 

46. 

GW 

218, 

1, 

46. 

GW 

219, 

1, 

49. 

GW 

220, 

1, 

46. 

GW 

221, 

1, 

46. 

GW 

222, 

1, 

46. 

GW 

223, 

1, 

49. 

GW 

224, 

1, 

49. 

GW 

225, 

1, 

46. 

GW 

226, 

1, 

46. 

GW 

227, 

1, 

49. 

GW 

228, 

1, 

46. 

GW 

229, 

1, 

49. 

GW 

230, 

1, 

49. 

GW 

231, 

1 

54, 

GW 

232, 

1 

54, 

GW 

233, 

1 

57, 

GW 

234, 

1 

54, 

GW 

235, 

1 

54, 

GW 

236, 

1 

54, 

GW 

237 

1 

57, 

GW 

238 

1 

57, 

GW 

239 

I 

54, 

GW 

240 

1 

54, 

GW 

241 

1 

57, 

GW 

242 

1 

54, 

GW 

243 

1 

54, 

GW 

244 

1 

54, 

GW 

245 

1 

57, 

GW 

246 

I 

57, 

GW 

247 

1 

54, 

GW 

243 

1 

,54, 

GW 

249 

1 

,57, 

GW 

250 

1 

,54, 

GW 

251 

,1 

,54, 

GW 

252 

,1 

,54, 

GW 

253 

,1 

,57, 

GW 

254 

,1 

,57, 

GW 

255 

,1 

,54, 

GW 

256 

,1 

,54, 

GW 

257 

,1 

,57, 

GW 

258 

] 

,54, 

GW 

259 

',1 

,54, 

GW 

260 

,1 

,54, 

GW 

261 

,1 

,57, 

GW 

262 

,1 

,57, 

GW 

263 

,1 

,54, 

GW 

264 

,1 

,54, 

GW 

265 

1 

,57, 

5,-1.5,9,49.5,-1.5,9,0.05 

5,1.5,9,46.5,1.5,12,0.05 

5,-1.5,9,46.5,-1.5,12,0.05 

5,1.5,9,49.5,1.5,12,0.05 

5,-1.5,9,49.5,-1.5,12,0.05 

5,1.5,12,46.5,-1.5,12,0.05 

5,1.5,12,49.5,1.5,12,0.05 

5,1.5,12,49.5,-1.5,12,0.05 

5,-1.5,12,49.5,-1.5,12,0.05 

5,1.5,12,46.5,1.5,15,0.05 

5,-1.5,12,46.5,-1.5,15,0.05 

5,1.5,12,49.5,1.5,15,0.05 

5,-1.5,12,49.5,-1.5,15,0.05 

5,1.5,15,46.5,-1.5,15,0.05 

5,1.5,15,49.5,1.5,15,0.05 

5,1.5,15,49.5,-1.5,15,0.05 

5,-1.5,15,49.5,-1.5,15,0.05 

5,1.5,15,46.5,1.5,18,0.05 

5,-1.5,15,46.5,-1.5,18,0.05 

5,1.5,15,49.5,1.5,18,0.05 

5,-1.5,15,49.5,-1.5,18,0.05 

5,1.5,18,46.5,-1.5,13,0.05 

5,1.5,18,49.5,1.5,18,0.05 

5,1.5,18,49.5,-1.5,18,0.05 

5,-1.5,18,49.5,-1.5,18,0.05 

5,1.5,18,46.5,1.5,21,0.05 

5,-1.5,18,46.5,-1.5,21,0.05 

5,1.5,18,49.5,1.5,21,0.05 

5,-1.5,18,49.5,-1.5,21,0.05 

5,1.5,21,46.5,-1.5,21,0.05 

5,1.5,21,49.5,1.5,21,0.05 

5,1.5,21,49.5,-1.5,21,0.05 

5,-1.5,21,49.5,-1.5,21,0.05 

5, T. 5, 9, 49. 5, 5, 9, 0.05 

5,-1.5,9,49.5,-5,9,0.05 

1.5,9,54,-1.5,9,0.05 

1.5,9,57,1.5,9,0.05 

1.5,9,57,-1.5,9,0.05 

-1.5,9,57,-1.5,9,0.05 

1.5,9,54,1.5,12,0.05 

-1.5,9,54,-1.5,12,0.05 

1.5,9,57,1.5,12,0.05 

-1.5,9,57,-1.5,12,0.05 

1.5,12,54,-1.5,12,0.05 

1.5,12,57,1.5,12,0.05 

1.5,12,57,-1.5,12,0.05 

-1.5,12,57,-1.5,12,0.05 

1.5,12,54,1.5,15,0.05 

-1.5,12,54,-1.5,15,0.05 

1.5,12,57,1.5,15,0.05 

-1.5,12,57,-1.5,15,0.05 

1.5,15,54,-1.5,15,0.05 

1.5,15,57,1.5,15,0.05 

1.5,15,57,-1.5,15,0.05 

-1.5,15,57,-1.5,15,0.05 

1.5,15,54,1.5,18,0.05 

-1.5,15,54,-1.5,18,0.05 

1.5,15,57,1.5,18,0.05 

-1.5,15,57,-1.5,18,0.05 

1.5,18,54,-1.5,18,0.05 

1.5,18,57,1.5,13,0.05 

1.5,18,57,-1.5,18,0.05 

-1.5,18,57,-1.5,18,0.05 

1.5,18,54,1.5,21,0.05 

-1.5,13,54,-1.5,21,0.05 

1.5,13,57,1.5,21,0.05 

-1.5,18,57,-1.5,21,0.05 

1.5,21,54,-1.5,21,0.05 

1.5,21,57,1.5,21,0.05 

1.5,21,57,-1.5,21,0.05 
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GW  266, 

1, 

54, 

GW  267, 

1, 

54, 

GW  268, 

1, 

54, 

GW  269, 

1, 

57, 

GW  270, 

1, 

57, 

GW  271, 

2, 

54, 

GW  272, 

1, 

54, 

GW  273, 

2, 

57, 

GW  274, 

1, 

54, 

GW  275, 

1, 

54, 

GW  276, 

1, 

54, 

GW  277, 

1, 

57, 

GW  278, 

1, 

54, 

GW  279, 

1, 

57, 

GW  280, 

2, 

31. 

GW  231, 

2 

31. 

GW  282, 

1, 

54, 

GW  283, 

1, 

54, 

GW  284, 

1, 

57, 

GW  285, 

1, 

54, 

GW  286, 

1, 

57, 

GW  287, 

2, 

54, 

GW  288, 

2, 

55. 

GW  289, 

1, 

54, 

GW  290, 

1, 

54, 

GW  291, 

1 

57, 

GW  292, 

1, 

60, 

GW  293, 

1, 

60, 

GW  294, 

1, 

57, 

GW  295, 

1, 

60, 

GW  296, 

1 

60, 

GW  297, 

1, 

60, 

GW  298, 

1, 

60, 

GW  299, 

1 

64. 

GW  300, 

1 

64. 

GW  301, 

1, 

67. 

GW  302, 

1 

67. 

GW  303, 

1 

64. 

GW  304, 

1, 

64. 

GW  305, 

1 

67. 

GW  306, 

1 

67. 

GW  307, 

1 

64. 

GW  308 

1 

64. 

GW  309 

1 

67. 

GW  310 

1 

67. 

GW  311, 

1 

64. 

GW  312 

1 

64. 

GW  313 

1 

67. 

GW  314 

1 

67. 

GW  315 

1 

64. 

GW  316 

1 

64. 

GW  317 

1 

67. 

GW  318 

1 

,67. 

GW  319 

1 

,67. 

GW  320 

1 

,67. 

GW  321 

1 

,69. 

GW  322 

,1 

,69. 

GW  323 

1 

,72, 

GW  324 

1 

,72, 

GW  325 

1 

,69. 

GW  326 

,1 

,69. 

GW  327 

1 

,72, 

GW  328 

1 

,72, 

GW  329 

,1 

,69. 

GW  330 

1 

,69. 

GW  331 

,1 

,72, 

GW  332 

1 

,72, 

GW  333 

,1 

,27, 

GW  334 

1 

,27, 

GW  335 

,1 

,69. 

-1.5,21,57,-1. 
1.5,21,54,1.5, 
-1.5,21,54,-1. 
1.5,21,57,1.5, 
-1.5,21,57,-1. 
1.5,24,54,-1.5 
1.5,24,57,1.5, 
1.5,24,57,-1.5 
-1.5,24,57,-1. 
1.5,24,54,5,24 
5,24,57,5,24,0 
5,24,57,1.5,24 
5,24,52,5,24,0 
5,24,59,5,24,0 
5,-1.5,6.375,3 
5,1.5,6.375,31 
-1.5,24,54,-5, 
-5,24,57,-5,24 
-5,24,57,-1.5, 
-5,24,52,-5,24 
-5,24,59,-5,24 
0,24,57,0,24,0 
5,0,24,55.5,0, 
1.5,9,54,5,9,0 
-1.5,9,54,-5,9 
-1.5,9,60,-1.5 
-1.5,9,60,1.5, 
1.5,9,57,1.5,9 
-1.5,12,60,-1. 
-1.5,12,60,1.5 
1.5,12,57,1.5, 
-1.5,9,60,-1.5 
1.5,9,60,1.5,1 


5,-1.5,9,64.5, 
5,1.5,9,67.5,1 
5,1.5,9,67.5,- 
5,-1.5,9,64.5, 
5,-1.5,9,64.5, 
5,1.5,9,64.5,1 
5,1.5,9,67.5,1 
5,-1.5,9,67.5, 
5,-1.5,12,64.5 
5,1.5,12,67.5, 
5,1.5,12,67.5, 
5,-1.5,12,64.5 
5,-1.5,12,64.5 
5,1.5,12,64.5, 
5,1.5,12,67.5, 
5,-1.5,12,67.5 
5,-1.5,15,64.5 
5,1.5,15,67.5, 
5,1.5,15,67.5, 
5,-1.5,15,64.5 
5,1.5,9,69.75, 
5,-1.5,9,69.75 
75,-1,9,69.75, 
75,1,9,72,1,9, 
1,9,72,-1,9,0. 
-1,9,69.75,-1, 
75,-1,12,69.75 
75,1,12,72,1,1 
1,12,72,-1,12, 
-1,12,69.75,-1 
75,-1,9,69.75, 
75,1,9,69.75,1 
-1,9,72,-1,12, 
1,9,72,1,12,0. 
-1.5,6.75,27,- 
1.5,6.75,27,5. 
75,-1,9,69.75, 


5,21,0.05 

24,0.05 

5,24,0.05 

24,0.05 

5,24,0.05 

,24,0.05 

24,0.05 

,24,0.05 

5,24,0.05 

,0.05 

.05 

,0.05 

.05 

.05 

1.5,-5.95,6.375,0.05 

.5,5.95,6.375,0.05 

24,0.05 

,0.05 

24,0.05 

,0.05 

,0.05 

.05 

31,0.05 

.05 

,0.05 

,9,0.05 

9,0.05 

,0.05 

5,12,0.05 

,12,0.05 

12,0.05 

,12,0.05 

2,0.05 

1.5,9,0.05 

.5,9,0.05 

1.5,9,0.05 

-1.5,9,0.05 

-1.5,12,0.05 

.5,12,0.05 

.5,12,0.05 

-1.5,12,0.05 

,1.5,12,0.05 

1.5,12,0.05 

-1.5,12,0.05 

,-1.5,12,0.05 

,-1.5,15,0.05 

1.5,15,0.05 

1.5,15,0.05 

,-1.5,15,0.05 

,1.5,15,0.05 

1.5,15,0.05 

-1.5,15,0.05 

,-1.5,15,0.05 

3.5,9,0.05 

,-3.5,9,0.05 

1,9,0.05 

0.05 

05 

9,0.05 

,1,12,0.05 

2,0.05 

0.05 

,12,0.05 

-1,12,0.05 

,12,0.05 

0.05 

05 

5.1,6.75,0.05 

1,6.75,0.05 

-3.5,9,0.05 
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GW  336 
GW  337 
GW  338 
GW  339 
GW  340 
GW  341 
GW  342 
GW  343 
GW  344 
GW  345 
GW  346 
GW  347 
GW  348 
GW  349 
GW  350 
GW  351 
GW  352 
GW  353 
GW  354 
GW  355 
GW  356 
GW  357 
GW  358 
GW  359 
GW  360 
GW  361 
GW  362 
GW  363 
GW  364 
GW  365 
GW  366 
GW  367 
GW  368 
GW  369 
GW  370 
GE1 
GN1 

FR  0,0, 
WG 
EN 


,1,69.75,1,9,69.75,3.5,9,0.05 

,2,78.75,-2.5,9,78.75,2.5,9,0.05 

,2,78.75,2.5,9,84.75,2.5,9,0.05 

,2,84.75,2.5,9,84.75,-2.5,9,0.05 

,2,84.75,-2.5,9,78.75,-2.5,9,0.05 

,2,78.75,-2.5,13,78.75,2.5,13,0.05 

,2,73.75,2.5,13,84.75,2.5,13,0.05 

,2,84.75,2.5,13,84.75,-2.5,13,0.05 

,2,34.75,-2.5,13,78.75,-2.5,13,0.05 

,1,78.75,-2.5,9,78.75,-2.5,13,0.05 

,1,78.75,2.5,9,78.75,2.5,13,0.05 

,1,84.75,-2.5,9,84.75,-2.5,13,0.05 

,1,84.75,2.5,9,84.75,2.5,13,0.05 

,1,78.75,-2.5,9,78.75,-6.8,9,0.05 

,1,94.5,1,9,94.5,1,13,0.05 

,2,94.5,-6.8,9,94.5,-6.8,18,0.05 

,2,94.5,6.8,9,94.5,6.8,18,0.05 

,2,94.5,-1,9,94.5,-6.8,9,0.05 

,2,94.5,1,9,94.5,6.8,9,0.05 

,2,76.5,6.8,4.5,81,6.8,4.5,0.05 

,2,76.5,-6.8,4.5,81,-6.8,4.5,0.05 

,2,36,2,6,36,6.8,6,0.05 

,2,36,-2,6,36,-6.8,6,0.05 

,2,85.5,-6.8,9,85.5,-6.8,18,0.05 

,1,18,3.4,7.5,18,3.4,8.625,0.05 

,8,18,3.4,8.625,0,0,10.125,0.05 

,1,18,-3.4,7.5,18,-3.4,8.625,0.05 

,8,18,-3.4,8.625,0,0,10.125,0.05 

,1,0,0,10.125,0,0,9,0.05 

,1,13.5,2.55,7.875,13.5,2.55,9,0.05 

,1,9,1.7,8.25,9,1.7,9.37  5,0.05 

,1,4.5,0.85,8.625,4.5,0.85,9.75,0.05 

,1,13.5,-2.55,7.87  5,13.5,-2.55,9,0.05 

,1,9,-1.7,8.25,9,-1.7,9.375,0.05 

,1,4.5,-0.85,8.625,4.5,-0.85,9.75,0.05 


0,0,2    (4.5,    7.5,    10) 


b.  End  Feed  Transmission  Line  Antenna  on  the  Bow 


EF-TLA  WIRE  GRID  MODEL 


0.6  METERS 
13.5  METERS 


HEIGHT 

LENGTH 

WIRE  RADIUS   =0.05  METERS 

SOURCE  POINT  =  2 


CM 

CM 

CM 

CM 

CM 

CE 

GF 

GW  371,1,4.5,0.85,10.35,4.5,0.85,9.75,0.05 

GW  372,7,4.5,0.85,10.35,18,3.4,9.225,0.05 

GW  373,1,18,3.4,8.625,18,3.4,9.225,0.05 

GW  374,1,4.5,-0.85,10.35,4.5,-0.85,9.75,0.05 

GW  375,7,4.5,-0.85,10.35,18,-3.4,9.225,0.05 

GW  376,1,18,-3.4,8.625,18,-3.4,9.225,0.05 

GE1 

EX  0,373,1,00,1 

EX  0,376,1,00,1 

RP  0,91,10,1501,0,0,1,10 

PL3,  2,  0,  4 

RPO,  1,  361, 

PL3,  1,  0,  4 

RPO,  181,  1,  1000,  -90,  0,  1 

EN 


1000,  90,  0,  0,  1 


STD.  HORIZONTAL  PATTERN  CUT 
STD.  VERTICAL  PATTERN  CUT 
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c.  End  Feed  Transmission  Line  Antenna  on  the  Stern 

CM     EF-TLA  WIRE  GRID  MODEL 

CM  HEIGHT       =0.6  METERS 

CM  LENGTH       =13.5  METERS 

CM  WIRE  RADIUS   =0.05  METERS 

CM        "  SOURCE  POINT  =  2 

CE 

GF 

GW  371,1,108,6.08,4.5,108,6.08,5.1,0.05 

GW  372,7,108,6.08,5.1,121.5,5,5.1,0.05 

GW  373,1,121.5,5,5.1,121.5,5,4.5,0.05 

GW  374,1,108,-6.08,4.5,108,-6.08,5.1,0.05 

GW  375,7,108,-6.08,5.1,121.5,-5,5.1,0.05 

GW  376,1,121.5,-5,5.1,121.5,-5,4.5,0.05 

GE1- 

EX  0,371,1,00,1 

EX  0,374,1,00,1 

RP  0,91,10,1501,0,0,1,10 

PL3,  2,  0,  4 

RPO,  1,  361,  1000,  90,  0,  0,  1    STD.  HORIZONTAL  PATTERN  CUT 

PL3,  1,  0,  4 

RPO,  181,  1,  1000,  -90,  0,  1,  0     STD.  VERTICAL  PATTERN  CUT 

EN 


d.  End  Feed  Transmission  Line  Antenna  on  the  Bow  and  the  Stern 

CM     EF-TLA  WIRE  GRID  MODEL 

CM  HEIGHT       =0.6  METERS 

CM  LENGTH       =13.5  METERS 

CM  WIRE  RADIUS   =0.05  METERS 

CM  SOURCE  POINT  =  4 

CE 

GF 

GW  371,1,4.5,0.85,10.35,4.5,0.85,9.75,0.05 

GW  372,7,4.5,0.85,10.35,18,3.4,9.225,0.05 

GW  373,1,18,3.4,8.625,18,3.4,9.225,0.05 

GW  374,1,4.5,-0.35,10.35,4.5,-0.85,9.75,0.05 

GW  375,7,4.5,-0.85,10.35,18,-3.4,9.225,0.05 

GW  376,1,18,-3.4,8.625,18,-3.4,9.225,0.05 

GW  377,1,108,6.08,4.5,108,6.08,5.1,0.05 

GW  378,7,108,6.08,5.1,121.5,5,5.1,0.05  . 

GW  379,1,121.5,5,5.1,121.5,5,4.5,0.05 

GW  380,1,108,-6.08,4.5,108,-6.08,5.1,0.05 

GW  381,7,108,-6.08,5.1,121.5,-5,5.1,0.05 

GW  382,1,121.5,-5,5.1,121.5,-5,4.5,0.05 

GE1 

EX  0,373,1,00,1 

EX  0,376,1,00,1 

EX  0,377,1,00,1 

EX  0,380,1,00,1 

RP  0,91,10,1501,0,0,1,10 

PL3,  2,  0,  4 

RPO,  1,  361,  1000,  90,  0,  0,  1    STD.  HORIZONTAL  PATTERN  CUT 

PL3,  1,  0,  4 

RPO,  181,  1,  1000,  -90,  0,  1,  0     STD.  VERTICAL  PATTERN  CUT 

EN 


e.  Top  Feed  Transmission  Line  Antenna  on  the  Bow 


CM 

TF-TLA  WIRE  GRID  MODEL 

CM 

HEIGHT       =0.6 

METERS 

CM 

LENGTH       =13.5 

METERS 

CM 

WIRE  RADIUS   =0.05 

METERS 

CM 

SOURCE  POINT  =  2 

CE 
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GF 

GW  371,1.4.5,0.85,10.35,4.5,0.85,9.75,0.05 

GW  372,19,4.5,0.85,10.35,18,3.4,9.225,0.05 

GW  373,1,18,3.4,8.625,18,3.4,9.225,0.05 

GW  374,1,4.5,-0.85,10.35,4.5,-0.85,9.75,0.05 

GW  375,19,4.5,-0.85,10.35,18,-3.4,9.225,0.05 

GW  376,1,18,-3.4,8.625,18,-3.4,9.225,0.05 

GE1 

EX  0,372,10,00,1 

EX  0,375,10,00,1 

RP  0,91,10,1501,0,0,1,10 

PL3,  2,  0,  4 

RPO,  1,  361,  1000,  90,  0,  0,  1    STD.  HORIZONTAL  PATTERN  CUT 

PL3,  1,  0,-4 

RPO,  181,  1,  1000,  -90,  0,  1,  0     STD.  VERTICAL  PATTERN  CUT 

EN 


f.  Top  Feed  Transmission  Line  Antenna  on  the  Stern 

CM     TF-TLA  WIRE  GRID  MODEL 

CM  HEIGHT       =0.6  METERS 

CM  LENGTH       =13.5  METERS 

CM  WIRE  RADIUS   =0.05  METERS 

CM  SOURCE  POINT  =  2 

CE 

GF 

GW  371,1,108,6.08,4.5,108,6.08,5.1,0.05 

GW  372,19,108,6.08,5.1,121.5,5,5.1,0.05 

GW  373,1,121.5,5,5.1,121.5,5,4.5,0.05 

GW  374,1,108,-6.08,4.5,108,-6.08,5.1,0.05 

GW  375,19,108,-6.08,5.1,121.5,-5,5.1,0.05 

GW  376,1,121.5,-5,5.1,121.5,-5,4.5,0.05 

GE1 

EX  0,372,10,00,1 

EX  0,375,10,00,1 

RP  0,91,10,1501,0,0,1,10 

PL3  2  0  4 

RPO!  l',    361,  1000,  90,  0,  0,  1    STD.  HORIZONTAL  PATTERN  CUT 

PL3,  1,  0,  4 

RPO,  181,  1,  1000,  -90,  0,  1,  0     STD.  VERTICAL  PATTERN  CUT 

EN 


g.  Top  Feed  Transmission  Line  Antenna  on  the  Bow  and  the  Stern 

CM     TF-TLA  WIRE  GRID  MODEL 

CM  HEIGHT       =0.6   METERS 

CM  LENGTH       =13.5  METERS 

CM  WIRE  RADIUS   =0.05  METERS 

CM  SOURCE  POINT  =  4 

CE 

GF 

GW  371,1,4.5,0.85,10.35,4.5,0.85,9.75,0.05 

GW  372,19,4.5,0.85,10.35,18,3.4,9.225,0.05 

GW  373,1,18,3.4,8.625,18,3.4,9.225,0.05 

GW  374,1,4.5,-0.85,10.35,4.5,-0.35,9.75,0.05 

GW  375,19,4.5,-0.85,10.35,18,-3.4,9.225,0.05 

GW  376,1,18,-3.4,8.625,18,-3.4,9.225,0.05 

GW  377,1,108,6.08,4.5,108,6.08,5.1,0.05 

GW  378,19,108,6.08,5.1,121.5,5,5.1,0.05 

GW  379,1,121.5,5,5.1,121.5,5,4.5,0.05 

GW  380,1,108,-6.03,4.5,108,-6.08,5.1,0.05 

GW  331,19,108,-6.08,5.1,121.5,-5,5.1,0.05 

GW  382,1,121.5,-5,5.1,121.5,-5,4.5,0.05 

GE1 

EX  0,372,10,00,1 

EX  0,375,10,00,1 

EX  0,378,10,00,1 
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EX  0,381,10,00,1 

RP  0,91,10,1501,0,0,1,10 

PL3,  2,  0,  4 

RPO,  1,  361,  1000,  90,  0,  0,  1    STD.  HORIZONTAL  PATTERN  CUT 

PL3,  1,  0,  4 

RPO,  181,  1,  1000,  -90,  0,  1,  0     STD.  VERTICAL  PATTERN  CUT 

EN 
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APPENDIX  B 

AVERAGE  POWER  GAIN  FOR  REACTIVELY  LOADED 
TRANSMISSION  LINE  ANTENNAS  VS  FREQUENCY 

This  appendix  provides  average  power  gains  for  end  feed  transmission  line 
antenna  from  2  -  10  MHz  with  three  different  capacitors,  with  three  different  inductors 
and  from  4.0  -  6.9  MHz  with  9  segments  and  a  0.05  meter  radius,  showing  valid 
numerical  models. 


TABLE  10 
AVERAGE  POWER  GAINS  OF  TLA  WITH  CAPACITIVE  LOADS 

Frequency 
in  MHz 

C   =    10"6 
in  Farads 

C   =    10"9 
in  Farads 

c  =   10"12 
in  Farads 

2 

1.  99 

1.  99 

1.  99 

3 

1.99 

1.99 

1.99 

4 

1.99 

1.99 

1.99 

5 

1.99 

1.99 

1.  99 

6 

1.99 

1.99 

1.99 

7 

1.99 

1.99 

1.99 

8 

1.99 

1.99 

1.98 

9 

1.  99 

1.99 

1.97 

10 

1.  99 

1.99 

1.  97 
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TABLE  11 
AVERAGE  POWER  GAINS  OF  TLA  WITH  INDUCTIVE  LOADS 

Frequency 
in  MHz 

L   =    10"2 
in  Henry 

L   =    lO"4 
in  Henry 

L  =   10"6 
in  Henry 

2 

1.  99 

1.99 

1.99 

3 

1.  99 

1.99 

1.99 

4 

1.99 

1.99 

1.99 

5 

1.99 

1.99 

1.99 

6 

1.99 

1.  99 

1.99 

7 

1.99 

1.99 

1.99 

8 

1.98 

1.98 

1.99 

9 

1.  98 

1,98 

1.99 

10 

1.97 

1.97 

2.00 
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TABLE  12 

AVERAGE   POWER  GAINS  FOR  EF-TLA  FROM  4.0  -  6.9  MHZ 
WITH  9  SEGMENTS  AND  A  0.05  METER  RADIUS 

Frequency 
in  MHz 

Gain 

Frequency 
in  MHZ 

Gain 

Frequency 
in  MHZ 

Gain 

4.0 

1.  99 

5.0 

1.99 

6.0 

1.99 

4.  1 

1.  99 

5.  1 

1.  99 

6.  1 

1.  99 

4.2 

1.99 

5.2 

1.99 

6.2 

1.99 

4.  3 

1.  99 

5.  3 

1.  99 

6.  3 

1.99 

4.  4 

1.  99 

5.  4 

1.99 

6.  4 

1.99 

4.  5 

1.  99 

5.  5 

1.  99 

6.  5 

1.99 

4.  6 

1.  99 

5.  6 

1.  99 

6.  6 

1.99 

4.  7 

1.  99 

5.  7 

1.99 

6.  7 

1.99 

4.  8 

1.  99 

5.8 

1.99 

6.8 

1.99 

4.  9 

1.  99 

5.  9 

1.99 

6.  9 

1.  99 
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APPENDIX  C 

INPUT  IMPEDANCE  FOR  AN  END  FEED  TRANSMISSION  LINE 
ANTENNA  WITH  DIFFERENT  RADII,  SEGMENTATION,  FEED 

LOCATION  AND  LOADING 


TABLE  13 
RESISTANCE  OF  TLA  WITH  THREE  DIFFERENT  RADII 

Frequency 
inlttiz 

r  =  0.  03 

r  =   0.  04 

r  =  0.05 

2 

0.01 

0.01 

0.01 

3 

0.  09 

0.09 

0.  09 

4 

0.  75 

0.  75 

0.  75 

5 

35.02 

34.49 

34.  08 

6 

7.97 

8.03 

8.08 

7 

2.  33 

2.  34 

2.34 

8 

1.  44 

1.45 

1.45 

9 

1.  16 

1.  16 

1.  17 

10 

1.09 

1.09 

1.09 
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TABLE  14 
REACTANCE  OF  TLA  WITH  THREE  DIFFERENT  RADII 

Frequency 
in  MHz 

r  =  0.03 

r  =  0.04 

r  =   0. 05 

2 

153.  9 

141.  7 

132.2 

3 

282.  3 

260.  0 

242.  6 

4 

570.  3 

525.0 

489.  7 

5 

2855. 4 

2613. 6 

2426.  9 

6 

-1006. 7 

-932. 5 

-874.  3 

7 

-392.5 

-363. 5 

-340.8 

8 

-208. 6 

-193. 7 

-181.9 

9 

-107.2 

-100. 1 

-94.5 

10 

-32.3 

-31.2 

-30.2 
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TABLE  15 
RESISTANCE  OF  TLA  WITH  FOUR  DIFFERENT  SEGMENTATIONS 

Frequency 
in  MHz 

5 
segment 

9 
segment 

15 

segment 

21 
segment 

2 

0.01 

0.01 

0.01 

0.01 

3 

0.09 

0.09 

0.09 

0.09 

4 

0.  73 

0.  75 

0.  75 

0.75 

5 

32.  15 

34.08 

33.76 

33.55 

6 

8.  13 

8.  08 

8.  17 

8.22 

7 

2.34 

2.34 

2.36 

2.36 

8 

1.45 

1.  45 

1.45 

1.46 

9 

1.  17 

1.  17 

1.  17 

1.  17 

10 

1.09 

1.09 

1.09 

1.09 
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TABLE  16 
REACTANCE  OF  TLA  WITH  THREE  DIFFERENT  SEGMENTATIONS 

Frequency 
in  MHz 

5 
segment 

9 
segment 

15 

segment 

21 
segment 

2 

127.  1 

132.2 

134.  6 

135.  5 

3 

232.9 

242.  6 

247.0 

248.  6 

4 

468.8 

489.  7 

498.  4 

501.  4 

5 

2280. 1 

2426.  8 

2454.  7 

2459. 5 

6 

-846.  1 

-874.  3 

-895. 1 

-903.2 

7 

-327. 6 

-340. 8 

-348. 6 

-351.5 

8 

-174.  0 

-181.  9 

-186.  3 

-187. 9 

9 

-89.  7 

-94.  5 

-97.  1 

-97.  9 

10 

-27.  7 

-30.2 

-31.  4 

-31.9 
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TABLE  17 
RESISTANCE  OF  TLA  WITH  THREE  DIFFERENT  FEED  POINTS 

Frequency 
in  MHz 

EF-TLA 

CEF-TLA 

TF-TLA 

2 

0.01 

0.01 

0.01 

3 

0.09 

0.09 

0.05 

4 

0.  75 

0.82 

0.  17 

5 

34.08 

55.  54 

0.49 

6 

8.  08 

7.08 

1.33 

7 

2.34 

2.27 

3.57 

8 

1.  45 

1.46 

10.  68 

9 

1.  17 

1.21 

45.01 

10 

1.09 

1.  16 

924.  12 
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TABLE  18 
REACTANCE  OF  TLA  WITH  THREE  DIFFERENT  FEED  POINTS 

Frequency 
in  MHz 

EF-TLA 

CEF-TLA 

TF-TLA 

2 

132.2 

136.  9 

117.  4 

3 

242.  6 

253.3 

183.  6 

4 

489.  7 

522.  3 

260.  8 

5 

2426.  9 

3147.5 

356.  7 

6 

-874.  3 

-827. 5 

485.  6 

7 

-340.  8 

-337.4 

678.  6 

8 

-181.  9 

-182. 7 

1019. 4 

9 

-94.  5 

-95.  7 

1841. 2 

10 

-30.2 

-30.  6 

5357. 4 
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TABLE  19 
RESISTANCE  OF  TLA  WITH  THREE  DIFFERENT  CAPACITORS 

Frequency 
in  MHz 

C   =    10"6 
in  Farads 

C   =    10"9 
in  Farads 

C   =    10"12 
in  Farads 

2 

0.  01 

0.01 

0.02 

3 

0.09 

0.09 

0.06 

4 

0.  75 

0.  68 

0.  11 

5 

34.08 

23.45 

0.22 

6 

8.  08 

9.  16 

0.39 

7 

2.34 

2.44 

0.  79 

8 

1.  45 

1.48 

1.85 

9 

1.  17 

1.  18 

7.04 

10 

1.09 

1.  09 

161. 81 
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TABLE  20 
REACTANCE  OF  TLA  WITH  THREE  DIFFERENT  CAPACITORS 

Frequency 
in  MHz 

C   =    10"6 
in  Farads 

C   =    10"9 
in  Farads 

C   =   10"12 
in  Farads 

2 

132.2 

120.9 

-272. 6 

3 

242.  6 

229.  5 

-144.  9 

4 

489.  7 

461.9 

-66.  5 

5 

2426.  8 

2012. 6 

-3.7 

6 

-874.  3 

-934.  5 

58.2 

7 

-340. 8 

-350. 4 

132.  7 

8 

-181.  9 

-185. 8 

248.3 

9 

-94.  5 

-96.  8 

521.  9 

10 

-30.2 

-31.8 

2458.2 
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TABLE  21 
RESISTANCE  OF  TLA  WITH  THREE  DIFFERENT  INDUCTORS 

Frequency 
in  MHz 

L   =    10"2 
in  Henry 

L   =    lO"4 
in  Henry 

L  =   10"6 
in  Henry 

2 

0.03 

0.05 

0.01 

3 

0.06 

0.  07 

0.  12 

4 

0.  12 

0.  13 

1.  69 

5 

0.22 

0.22 

34.22 

6 

0.39 

0.  38 

2.43 

7 

0.  71 

0.  67 

1.28 

8 

1.49 

1.32 

1.  01 

9 

4.26 

3.41 

0.97 

10 

35.  09 

19.  19 

0.89 
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TABLE  22 
REACTANCE  OF  TLA  WITH  THREE  DIFFERENT  INDUCTORS 

Frequency 
in  MHz 

L  =    10"2 
in  Henry 

,    L  =    10"4 
in  Henry 

L   =-  10"6 
in  Henry 

2 

-288.2 

-411.  4 

151.4 

3 

-156. 7 

-192. 4 

297.  3 

4 

-77.5 

-98.4 

762.  9 

5 

-15.7 

-30.9 

-2410.  6 

6 

42.  9 

28.  9 

-445. 9 

7 

109.  7 

93.  6 

-211.  9 

8 

203.  9 

179.9 

-105. 7 

9 

386.  7 

333.7 

-33.2 

10 

1138.2 

826.9 

-30.  9 
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TABLE  23 

INPUT  IMPEDANCE  FOR  EF-TLA  FROM  4.0  -  6.9  MHZ 
WITH  9  SEGMENTS  AND  A  0.05  METER  RADIUS 

Frequency 
in        MHz 

Resistance   in 
Ohms   (R) 

Reactance   in 
Ohms    (jX) 

4.0 

0.  75 

489.  7 

4.  1 

0.  96 

535.  7 

4.2 

1.23 

589.  9 

4.3 

1.  62 

654.  9 

4.4 

2.  17 

734.4 

4.  5 

2.97 

834.  1 

4.  6 

4.21 

963.  1 

4.  7 

6.24 

1136.2 

4.  8 

9.  82 

1383. 7 

4.  9 

16.95 

1764.2 

5.0 

34.08 

2426.  8 

5.  1 

92.34 

3876.5 

5.2 

598. 72 

9563. 4 

5.3 

2783.20 

-19856.0 

5.4 

178. 48 

-4917. 1 

5.5 

61.  16 

-2798. 8 

5.  6 

31.  62 

-1952. 6 

5.  7 

19.  75 

-1497. 7 
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TABLE  23 

INPUT  IMPEDANCE  FOR  EF-TLA  FROM  4.0  -  6.9  MHZ 
WITH  9  SEGMENTS  AND  A  0.05  METER  RADIUS 

Frequency 
in        MHz 

Resistance   in 
Ohms   (R) 

Reactance    in 
Ohms   (jX) 

5.  8 

13.73 

-1212.4 

5.  9 

10.  39 

-1016. 1 

6.  0 

8.08 

-874.  3 

6.  1 

6.  58 

-765. 4 

6.2 

5.52 

-679.5 

6.  3 

4.  73 

-609. 8 

6.  4 

4.  13 

-552.2 

6.  5 

3.  66 

-503. 5 

6.  6 

3.29 

-461.8 

6.  7 

2.  98 

-425. 6 

6.  8 

2.  73 

-393. 9 

6.  9 

2.  52 

-365.9 
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APPENDIX  D 

RADIATION  PATTERNS  FOR  A  CENTER-END  FEED  TRANSMISSION 

LINE  ANTENNA 

Contained  in  this  appendix  are  radiation  patterns  produced  by  the  NEC 
computer  analysis  for  center-end  feed  transmission  line  antenna,  the  transmission  line 
with  dimensions  13.5  x  0.6  meters  and  above  a  perfect  ground  at  2,  5,  7,  and  10  MHz. 
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Figure  D.l     E-Field  Azimuth  Pattern  at  2  MHz 
for  CEF-TLA. 
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Figure  D.2     E-Ficld  Elevation  Pattern  at  2  MHz 
for  CEF-TLA. 
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Figure' D. 3    E-Ficld  Azimuth  Pattern  at  5  MHz 
for  CEF-TLA. 
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Figure  D.4    E-Field  Elevation  Pattern  at  5  MHz 
for  CEF-TLA. 


114 


270 


PaTTlSN  GAIN  IN  031 
'---•--   HORIZONTAL 

—  '——VERTICAL 

— — —  TOTAL 


FREQUENCY  =  7  MHZ 
o 


180 


ANCLES  IN  DECREES  TRUE 


Figure  D.5     E-Ficld  Azimuth  Pattern  at  7  MHz 
forCEF-TLA. 
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Figure  D.6     E-Ficld  Elevation  Pattern  at  7  MHz 
for  CEF-TLA. 
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Fisure  D.7     E-Field  Azimuth  Pattern  at  10  MHz 
forCEF-TLA. 
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Figure  D.8     E-Ficld  Elevation  Pattern  at  10  MHz 
forCEF-TLA. 
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APPENDIX  E 

RADIATION  PATTERNS  FOR  TRANSMISSION  LINE  ANTENNAS  ON 

THE  BOW  AND  ON  THE  STERN 

Contained  in  this  appendix  are  radiation  patterns  generated  by  the  NEC 
computer  analysis  for  the  transmission  line  antenna  computer  models  on  the  bow  and 
on  the  stern  of  an  FFG-45  frigate  at  2,  4.5,  7.5,  and  10  MHz. 
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Figure  E.l     E-Field  Azimuth  Pattern  at  2.0  MHz 
for  FF-TLA  on  the  Bow. 
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Figure  E.2    E-Field  Elevation  Pattern  at  2.0  MHz 
for  EF-TLA  on  the  Bow. 
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Figure  E.3     [--Field  Azimuth  Pattern  at  2.0  MHz 
for  EF-TLA  on  the  Stern. 
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Figure  E.4    E-Ficld  Elevation  Pattern  at  2.0  MHz 
for  EF-TLA  on  the  Stern. 
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Figure  E.5     E-Field  Azimuth  Pattern  at  4.5  MHz 
for  EF-TLA  on  the  Bow. 
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Figure  E.6    E-Field  Elevation  Pattern  at  4.5  MHz 
for  EF-TLA  on  the  Bow. 
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Figure  E.7     E- Field  Azimuth  Pattern  at  4.5  MHz 
for  EF-TLA  on  the  Stern. 
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Figure  E.8     E-Ficld  Elevation  Pattern  at  4.5  M Hz 
for  EF-TLA  on  the  Stern. 
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Figure  E.9     E-Field  Azimuth  Pattern  at  7.5  MHz 
for  EF-TLA  on  the  Bow. 
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Figure  E.10     E-Field  Elevation  Pattern  at  7.5  MHz 
for  EF-TLA  on  the  Bow. 
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Figure  E.ll     E-Field  Azimuth  Pattern  at  7.5  MHz 
for  EF-TLA  on  the  Stern. 
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Figure  E.12     E-Field  Elevation  Pattern  at  7.5  MHz 
for  EF-TLA  on  the  Stern. 
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Figure  E.13     E-Field  Azimuth  Pattern  at  10.0  MHz 
for  EF-TLA  on  the  Bow. 
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Figure  E.14    F.-Field  Elevation  Pattern  at  10.0  MHz 
for  EF-TLA  on  the  Bow. 
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Figure  E.15     E-Ficld  Azimuth  Pattern  at  10.0  MHz 
for  EF-TLA  on  the  Stern. 
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Figure  E.16     E-Ficld  Elevation  Pattern  at  10.0  MHz 
for  EF-TLA  on  the  Stern. 
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Figure  E.17     E-Ficld  Azimuth  Pattern  at  2.0  MHz 
for  TF-TLA  on  the  Bow. 
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Figure  E.18     E-Field  Elevation  Pattern  at  2.0  MHz 
for  TF-TLA  on  the  Bow. 
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Figure  E.19     E- Field  Azimuth  Pattern  at  2.0  MHz 
for  TF-TLA  on  the  Stern. 
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Figure  E.20     E-Ficld  Elevation  Pattern  at  2.0  MHz 
for  TF-TLA  on  the  Stern. 
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Figure  E.21     E-Ficld  Azimuth  Pattern  at  4.5  MHz 
for  TF-TLA  on  the  Bow. 
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Figure  E.22    E- Field  Elevation  Pattern  at  4.5  MHz 
for  TF-TLA  on  the  Bow. 
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Figure  E.23     E-Field  Azimuth  Pattern  at  4.5  MHz 
for  TF-TLA  on  the  Stern. 
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Figure  E.24     E-Field  Elevation  Pattern  at  4.5  MHz 
for  TF-TLA  on  the  Stern. 
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Figure  E.25     E-Ficld  Azimuth  Pattern  at  7.5  MHz 
for  TF-TLA  on  the  Bow. 
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Figure  E.26    E- Field  Elevation  Pattern  at  7.5  MHz 
for  TF-TLA  on  the  Bow. 
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Figure  E.27     E- Field  Azimuth  Pattern  at  7.5  MHz 
for  TF-TLA  on  the  Stern. 
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Figure  E.28     E-Ficld  Elevation  Pattern  at  7.5  MHz 
for  TF-TLA  on  the  Stern. 
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Figure  E.29     E-Field  Azimuth  Pattern  at  10.0  MHz 
for  TF-TLA  on  the  Bow. 
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Figure  E.30     E-Field  Elevation  Pattern  at  10.0  MHz 
for  TF-TLA  on  the  Bow. 
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Figure  E.31     E-Field  Azimuth  Pattern  at  10.0  MHz 
for  TF-TLA  on  the  Stern. 
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Figure  E.32     E-Field  Elevation  Pattern  at  10.0  MHz 
for  TF-TLA  on  the  Stern. 
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